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-;Asséxies cf mealusrements havehbeenwm&@e@ﬁithtthe;@repulsé
to determine the precision and reliability of the tune value
'_determlned by kinking the closed orbit with a correction
lepole,ii) The objectives were to test measure/remeasure
consistency and systematic effects due £6 the strength and .
location of the orbit kink. Almost all the work reported
here is for the vertical plane for which the machine behavior
was expected to be sgimplest. _ :

. The typic¢al measurement procedurezis.as follcw5,. The-"
unperturbed closed orbit is stored in a position detector fila.
A correction dipole bending in the plane of interest is’ changed
by an amount sufficient to make an obvmcus difference in the
~obbit,.  Less than 10 units on a Vertlcal_dlpole ig generally -

' fairly well in the "hoise®™; greater than 70 units kills;the_béam .
at 8 Gev. The perturbed orbit is stored and then the difference
‘between the perturbed and unperturbed files is .displayed. An
 experimental version of the closed orbit page (p. 51) contains
A rdutin@.to it the displayed data to the form '

’ Xi = A oS [V (ai""fl’)] “‘:"’ Bﬁpi {Bi) &

'Thé-origih of3théaphase'$ isﬁtheilﬁcatién of the kink. A, B,
and v are the fitted coefflclents “and xp “is the x_ value
- for horlzontal measuxements and ‘a constant 1 for vertical
':'measurements.. The fitting program uses only the 96 regulax
- cell detéctors for which' B'm corigt. A 8ingle medsurement of
. this sort takes less than a mlnute, an apprecmabie part of-

the-time“is-the_walt for the Fitl
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Figure 1 shows a set of v measurements taken vs
guadrupole current (increasing toward the left). The measure-
ments were taken using a single kink location. In this case
the difference was taken between orbits perturbed by + 40 units
ThHe resulting difference orbit amplitude varied between about
- 58" at w = 20.25 and .45% at v = 20.43. The error bars of
n L 005 are determined by the fitting program. It is clear
that the guantity "v" being determined is linearly dependent
on guad current to % 001 over a reasonable current range.

That this “v" is rather close to the tune of the machine is
indicated by the fact that our attempt to measure v at a B-~{
of 1284* was frustrated by killing the beam. This point would
be a tune v = 20.495 according to Figure 1.

Ideally neither the kink location nor amplitude should
affect the measured valve of v. The variation of measured vy
vs amplitude of a kink at VE292 is shown in Figure 2. The error
bars are a strong function of orbit distortion amplitude.

Data for amplitude less than .2% are of limited significance
presumably due to random sensor.error. This random error i1is
believed to be % .1% rms. No systematic trend is manifest

in the plot. The data points are not all independent because
they were derived By differencingiarsetsof seven independent closed
orbits consistingsofithe uipéerturbedrorbitiandiorbitseperturbad.
by bump amplitudes of + 60, + 40, and + 20 units. During the
twenty minutes or so occupied by the data-taking machine con-
ditions may have changed; the unperturbed orbit, however, was
watched and showed no significant changes. DMeasure/remeasure
stability with same parameters at times an hour apart was better
than .01 in vy.

The variation of measured vy with respect to kink location
is plotted in Figure 3. Data of two different amplitudes have
been useddbeesusesFlgure 2 suggests no systematic amplitude

dependence. The data would have been of greater interest if

*The units of B~ apparently are Gauss, i.e. the field the
difference current would produce in the dipoles.
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the large amplitude had been used throughout because the
error flags for the low amplitude data cover asrather wide
range. However, within the range of ~ + .0l one sees no
clear variation of measured v with position.

The observations in Figure 2 and 3 were made on
22 August. Observations on amplitude dependence made on
15 August with the machine running at 300 GeV were less
extensive but qualitatively different. Data taken at this
time had the appearance of significant variation with both
amplitude (Zvv.02) and position (Avv.(5) of the kink.
Figure 4 showing the amplitude variation looks smoothly

systematic. The average octupcle moment computed from the

measurements plotted in Figure 4 by the formuia{2'3}
g mire o1 ?
Av = L b4

321 Bp
is

'kG/mza

EE 2 105 x ab?

This value is in reasonable agreement with the amount of
octupole used to (approximately) compensate the dependence of

(4)

v on plng amplitude. However, the two curves taken from
different kink locations do not appear headed toward the same
unperturbed v value so the whole argument is very guestionable.
Before expending much effort in trying to analyze these perhaps
erratic observations in terms of machine parameters it is planned
to carry out some measurements at high field where fewer un-
known short~term accelerator parameter changes are expected.

The implications of the data reported here are that:

(1} & simple tune measurement accurate to %.02 can be taken
in a few seconds with little worry about non-linear effects.

(2) The largest practical perturbation amplitude should be

nsed +to reduce thesgontribution of random S@nsor error.
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(3) Numerical fitting precision ~.001 can be chtained
5o that with adequate control of experimental conditions
tune differences of this order may have use in investigating
non—-linear effects.

(4) It is desirable to find a domain in which the accel-
erator behavior is sufficiently simple and controlable to

validate measurements ©f higher apparent precision.
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